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WO 00/30760 PCT/US99/27426 
1 DmPJLRJ RIGATION HOSE WIT HJjQQX 

BACKGROUND OF THE INVENTION 

Drip irrigation systems have corne into widespread use in the agricultural area. Drip irrigation 
5 systems supply water at a slow, controlled rate to the root zone of the particular plants being 

irrigated. Typically, drip irrigation is accomplished by providing a iow volume water outlet at each 
plant that permits a limited dripping of water directly to the root zone of the particular plant. These 
hoses are usually installed slightly underground to protect them from wind, rodents, sun and 
machinery and to aid the flow of the water into the soil. 
10 One of the problems with such a drip irrigation installation is that, if the farmer does not 

irrigate enough to satisfy the needs of the plants, roots will grow to find more water. As the hose 
usually has some residual water left in it, the roots will seek the water, entering the water outlet and 
eventually plugging it. When this process starts, uniformity of water distribution becomes erratic, 
f;; and shortly unsatisfactory crop response results. 

' = 4 5 

f : SUMMARY OF THE INVENTION 

\U The present invention provides a novel solution to root ingrowth. In one embodiment, the 

^ invention is directed to a drip irrigation hose having an interior surface, an exterior surface and a 

ri water supply passage extending therethrough. One or more outlets are provided that connect the 

;u120 water supply passage to the exterior of the hose. One or more root deterrent strips are attached to 
''P the interior surface or the exterior surface of the hose at or near the outlets. Each root deterrent strip 

comprises a fabric strip impregnated with a chemical herbicide. 
I a. In a particularly preferred embodiment, the invention is directed to a drip irrigation hose 

having an interior surface, an exterior surface, a water supply passage and a plurality of flow 
25 regulating channels that are smaller than the water supply passage. The flow regulating channels 
each comprise an inlet section comprising one or more openings connecting the water supply 
passage to that flow regulating channel, and an outlet section comprising one or more openings 
connecting that flow regulating channel to the exterior of the hose. The hose further comprises 
one or more root deterrent strips as described above attached to the interior surface or the exterior 
30 surface of the hose at or near the openings of the inlet section or the outlet section. 

DESCRIPTION OF THE DRAWINGS 

These and other features and advantages of the present invention will be better understood 
by reference to the following detailed description when considered in conjunction with the 
3 5 accompanying drawings wherein: 

FIG. 1 is a cross-sectional view of a drip irrigation hose having a flow regulating channel 
between its margins. 

FIG. 2 is a top sectional view of a flow regulating channel according to the invention. 
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1 FIG. 3 is a schematic block diagram of the method for making a drip irrigation hose of the 

continuous emitter type. 

FIG. 4 is a schematic view of a portion of the film path for making a drip irrigation hose 
in accordance with the invention. 
5 FIG. 5A is a side partial cutaway view of an irrigation hose according to the invention 

having a longitudinal root deterrent strip attached to the exterior of the hose over the outlets. 

FIG. 5B is a side partial cutaway view of an irrigation hose according to the invention 
having a root deterrent strip wrapped around the exterior of the hose over the outlets. 

FIG. 5C is a side partial cutaway view of an irrigation hose according to the invention 
1 0 having a longitudinal root deterrent strip attached to the interior of the hose over the outlets. 

FIG. 5D is a side partial cutaway view of an irrigation hose according to the invention 
having a root deterrent strip wrapped around the interior of the hose over the outlets. 

FIG. 5E is a side partial cutaway view of an irrigation hose according to the invention 
having a longitudinal root deterrent strip attached to the exterior of the hose near the outlets. 
15 FIG. 5F is a side partial cutaway view of an irrigation hose according to the invention 

having a root deterrent strip wrapped around the exterior of the hose near the outlets. 

DETAILED DESCRIPTION 

The present invention employs a root deterrent strip attached to the interior or exterior of 

20 the hose to discourage root intrusion. The root deterrent strip comprises a fabric strip 
impregnated with a chemical herbicide. The invention provides a mechanism for keeping the 
herbicide in close proximity to the outlet(s) of the hose without blocking water flow. 

As shown in FIGs. 1 , 2 and 5, a flexible drip irrigation hose 10 (commonly referred to as 
"tape") is made from an elongated strip of plastic film 14, which is typically 4 to 15 mil thick. 

25 The film 14 can be made of any suitable material, for example, a laminate of high density 
polyethylene or polypropylene. Film 14 is folded longitudinally to form overlapping inner and 
outer longitudinal margins 16 and 18, thus creating a seam. A first longitudinal rib 20 partially 
seals margins 16 and 18. A second longitudinal rib 22, outboard of rib 20, completely seals 
margins 16 and 18. Ribs 20 and 22 contain a repeating longitudinal pattern that defines a series 

30 of small flow regulating channels 24 along the length of the hose 10. By virtue of the 
longitudinal fold in film 14, the interior surface of film 14 defines a relatively large water supply 
passage 26. The water supply passage 26 is connected to a source of water under pressure, not 
shown. Examples of such constructions are described in U.S. Patent Nos. 4,247,05 1 , 4,984,739, 
5,282,578, and 5,522,551, the disclosures of which are incorporated herein by reference. 

35 As shown in FIG. 2, the flow regulating channels 24 (i.e., emitter regions) each have an 

inlet section 28, a turbulent flow section 30, and an outlet section 32. For each flow regulating 
channel 24, the inlet section 28 comprises one or more inlet openings to allow water to flow from 
the water supply passage 26 into the flow regulating channel 24. In the depicted embodiment. 
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1 the inlet section 28 comprises a plurality of pillars 36 between which are formed openings 38. 

As would be recognized by one skilled in the art. the inlet section 28 can have any other design 
that permits water to enter the flow regulating channel 24 from the water supply passage 26. 

The flow regulating channels 24 each have a much smaller cross-sectional area than the 
5 water supply passage 26. The cross-sectional area of the water supply passage 26 is preferably 

from about 20 to 300 times, more preferably from about 50 to 200 times, larger than the cross- 
sectional area of the flow regulating channel 24. Accordingly, each flow regulating channel 24 
creates a passage between the water supply passage 26 and the outside of the hose 10 that 
controls the flow rate of the water flowing through it. 
10 The flow regulating channels 24 can have any other design as is known in the art. For 

example, the turbulent flow section 30 can be formed of a series of chevrons, by a series of walls 
r „ ; ,. that form a serpentine path, or by any other configuration that creates turbulent flow. However, 

o the turbulent flow section can be omitted if desired and replaced with a straight-path channel, 

FIGs. 3 and 4 depict a method for making the drip irrigation hose shown in FIG. L As 
i'J 5 represented by a block 70, the outlets 44 are first formed in film 14. Preferably each outlet 44 
V comprises a single longitudinal slit in the film 14, but could also be any other type of slit. A 

H-| preferred method and apparatus for forming a knife-formed longitudinal slit outlet is described 

in U.S. Patent No. 5,522,551, the disclosure of which is incorporated herein by reference. Any 
■yy other suitable method known in the art for providing outlets can also be used. For example, the 

fcSO surface of one of the outer margins 18 can be deformed to form protrusions in the film surface, 
and thereafter the protrusions are sliced from the film to form outlets, as described in U.S. Patent 
■ No. 5,123,984, the disclosure of which is incorporated herein by reference. Alternatively, the 

h' s outlet section can comprises a plurality of pillars between which are formed outlet openings, in 

a manner similar to the inlet section described above. 
25 As represented by block 72, the inner margin 16 is then folded. As represented by 

block 74. one or more beads are laid on the outside surface of the inner margin 14 by one or more 
extrusion nozzles. As represented by block 76, a pattern is formed in ribs 20 and 22 by a molding 
wheel. As represented by block 78, outer margin 18 is then folded onto inner margin 16, with 
the formed ribs therebetween. Finally, as represented by block 80, flow regulating passage 24 
30 is finished by passing inner margin 16, outer margin 18, and the ribs 20 and 22 through the nip 
of a form wheel and a backing wheel to set precisely the height of the ribs. 

FIG. 4 illustrates an assembly station for performing the above-described steps. One or 
more extrusion nozzles 82 deposit one or more continuous longitudinal beads 84 (in the form of 
hot molten glue or resin) on the outside surface of the inner margin 16. The film 14 is passed 
35 through the nip of a rotating molding wheel 86 and a rotating backing wheel 88. The molding 
wheel 86 contains a pattern of depressions 90 corresponding to the desired raised rib pattern, i.e., 
a pattern such as that shown in FIG. 2. In the nip. beads 84 are shaped by molding wheel 86 to 
form the desired bead pattern on film 14 for the entire length of the hose 10. After leaving the 



WO 00/30760 



PCT/US99/27426 



1 nip of wheels 86 and 88. the external margin 18 of the film 14 is folded by a guide 92 to overlap 

the inner margin 16. Finally, the overlapped margins of the film 14 pass through the nip of a 
form wheel 94 and a second backing wheel 96. The form wheel 94 has a groove 98 that 
depresses the ribs formed by the beads 84 to set the rib height at a specified value that determines 
5 the flow rate of the hose 10. During the described process, the film 14 is continuously 
transported by a conventional means, not shown. For example, the disclosed wheels could be 
driven, or other drive wheels could be provided, to transport the film. 

Also, as would be recognized by one skilled in the art, the flow regulating channels 24 
need not be formed in the margins 16 and 18 of the hose 10, but can be provided at any location 
10 on the hose. For example, it is known in the art to provide discrete flexible emitters (not shown) 
that are adhered or otherwise bonded to the interior or exterior of the hose, with each emitter 
^ having an inlet in communication with the water supply passage and an outlet to the exterior of 
the hose, as described above. The emitters can be attached to the inside or outside of the hose 
13 by any of several methods including, but not limited to, adhesive bonding, solvent bonding, 

i!5 thermal bonding, and ultrasonic welding. For example, flexible discrete external emitters can 
X be attached to the exterior of the hose, as described in U.S. Patent Application No. 09/1 36, 354, 

i y entitled "External Emitter for Drip Irrigation Hose", the disclosure of which is incorporated by 
*y } reference. 

(~} t Alternatively, a continuous emitter can be bonded to the hose, where the continuous 

ifiO emitter has a serious of flow regulating channels along its length, inlets in communication with 
the water supply passage and outlets to the exterior of the hose, as described above. The 
} -\ continuous emitter can be manufactured into the irrigation hose by bonding it to the hose in any 

H suitable manner known in the art, such as those described above. For example, the emitter can 

be extruded and formed by means of an embossing or imprinting tool. This technique is 
25 particularly useful if the hose is also being extruded. Thus, a continuous emitter could be 
extruded and formed, then inserted into a die center around which a hose is extruded. As the 
emitter and hose are extruded together, the emitter would be formed and adhered to the hose 
before it is cooled. Alternatively, the continuous emitter could be extruded and formed offline, 
and then fed through a hole in the die through which a hose is extruded. In another embodiment, 
30 the continuous emitter could be fed and joined to a long continuous strip that is then folded to 
form a hose. 

In another embodiment, the drip irrigation hose is a hard hose having a plurality of discrete 
emitters (i.e., flow regulating channels) provided therein, as is known in the art and described, 
for example, in U.S. Patent Nos, 5,1 1 1,996 and 4,824,025. 
35 A root deterrent strip 40 is attached to the interior or exterior of the hose 10 at or near the 

outlet(s) 32 to discourage root intrusion. The root deterrent strip 40 can be attached to the hose 
by any suitable means, such as bonding or, wrapping the fabric around the hose. FIG. 5 A shows 
a root deterrent strip 40 attached longitudinally to the exterior of the hose 10 over the outlets 32. 
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1 FIG. 5B shows a root deterrent strip 40 wrapped around the exterior of the hose 10 over the 

outlets 32. FIG. 5C shows a root deterrent strip 40 attached longitudinally to the interior of the 
hose 10 over the outlets 32. FIG. 5D shows a root deterrent strip 40 wrapped around the interior 
of the hose 10 over the outlets. FIG. 5E shows a root deterrent strip 40 attached longitudinally 

5 to the exterior of the hose 10 near, but not covering, the outlets 32. FIG. 5F shows wrapped 

around the exterior of the hose 10 near, but not covering, the outlets 32. As would be recognized 
by one skilled in the art. the root deterrent strip 40 could also be attached longitudinally to the 
interior of the hose 10 or wrapped around the interior of the hose near, but not covering, the 
outlets 32. An advantage of using an externally attached root deterrent strip 40 is that the strip 

10 acts as a wick to more uniformly distribute the water along the path of the hose. Alternatively, 
the root deterrent strip 40 can be positioned partially to cover the inlets to the flow regulating 
channel 24. 

- The root deterrent strip 40 comprises a fabric strip impregnated with a chemical herbicide. 

The fabric is sufficiently porous to allow water to flow through it so that it may cover the interior 
L-15 or exterior of the outlet opening(s) and sufficiently absorbent to hold the herbicide. Suitable 
l i : fabrics for use in connection with the present invention include, but are not limited to. felt, 

JT plastic, and nonwovens (natural and synthetic), preferably needle-punched nonwovens. Any 

lC suitable chemical herbicide, i.e., root intrusion deterrent composition, can be employed. 

1. Preferred compositions include dinitroanilines, such as TREFLAN™ (trifluralin, 4- 

[:20 trifluoromethyl-2 ? 6-dinitro-N,N-dipropyl aniline), SONALAN™ (ethalfluralin), PROWL™ 

(pendimethalin), and oryzalin (4-sulfonamido-2.6-dinitro-N,N-dipropyl aniline), dinoseb (2,4- 
Sfl ; dinitro-6-sec-butyl phenol), bromoxynil (3,5-dibromo-4-hydroxybenzonitrile) ? paraquat (1,1- 

y dimethyM^-bipyridinium dichloride). bromoxynil octanoic acid ester (3,5-dibromo-4- 

hydroxybenzonitrile octanoic acid ester), TBA (2,3,6,-trichlorobenzoic acid), 2,4-D (2,4- 
25 dichlorophenoxy acetic acid), and copper hydroxide. In a particularly preferred embodiment, the 

root deterrent strip 40 is made of Tex-R™ Agroliner (commercially available from Texel, 

Henderson, North Carolina). 

The above-described embodiments of the invention are only considered to be preferred 

and illustrative of the inventive concepts. The scope of the invention is not to be restricted to 
30 such embodiments. For example, as would be recognized by one skilled in the art, the invention 

is not limited to hoses having flow regulating channels, as described above, but can be used with 

any hose having a water supply passage and outlets along the length of the hose. Various and 

numerous other arrangements may be devised by one skilled in the art without departing from 

the spirit and scope of the invention. 

35 
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CLAIMS: 

1 . A drip irrigation hose having an interior surface, an exterior surface and a water 
supply passage extending therethrough, the hose comprising: 

one or more outlets connecting the water supply passage to the exterior of the hose; and 
one or more root deterrent strips attached to the interior surface or the exterior surface of 

the hose at or near the outlets, each root deterrent strip comprising a fabric strip impregnated with 

a chemical herbicide. 

2. A drip irrigation hose according to claim 1 , wherein the one or more root deterrent 
strips are attached to the exterior surface of the hose. 

3. A drip irrigation hose according to claim 1 , wherein the one or more root deterrent 
strips are attached to the interior surface of the hose. 

4. A drip irrigation hose according to claim I , wherein the one or more root deterrent 
strips are attached longitudinally to a surface of the hose. 

5. A drip irrigation hose according to claim 1 , wherein the one or more root deterrent 
strips are wrapped around a surface of the hose. 

6. A drip irrigation hose according to claim 1 , wherein each root deterrent strip covers 
at least one outlet. 

7. A drip irrigation hose according to claim 1 , wherein each root deterrent strip 
comprises felt. 

8. A drip irrigation hose according to claim h wherein each root deterrent strip 
comprises a needle-punched non-woven fabric. 

9. A drip irrigation hose according to claim 1 . wherein the chemical herbicide is 
selected from the group consisting of trifluralin, ethalfluralin, pendimethalin, oryzalin, dinoseb, 
bromoxyniL paraquat, bromoxynil octanoic acid ester, 2,3,6,-trichlorobenzoic acid, 2,4- 
dichlorophenoxy acetic acid, and copper hydroxide. 

10. A drip irrigation hose according to claim 1 wherein the chemical herbicide is 
trifluralin. 
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1 1 1 . A drip irrigation hose according to claim 1 wherein the chemical herbicide is 

copper hydroxide. 

12. A drip irrigation hose according to claim 1 made of a flexible film. 

5 

13. A drip irrigation hose according to claim 1 . wherein the hose is a hard hose. 

14. A drip irrigation hose having an interior surface, an exterior surface, a water 
supply passage and a plurality of flow regulating channels that are smaller than the water supply 

1 0 passage, the flow regulating channels each comprising: 

an inlet section comprising one or more openings connecting the water supply passage to 
that flow regulating channel, and 

an outlet section comprising one or more openings connecting that flow regulating channel 
to the exterior of the hose; 
15 wherein the hose further comprises one or more root deterrent strips attached to the 

interior surface or the exterior surface of the hose at or near the openings of the inlet section or 
the outlet section, each root deterrent strip comprising a fabric strip impregnated with a chemical 
herbicide. 

20 15. A drip irrigation hose according to claim 1 4, wherein the one or more root deterrent 

strips are at or near the openings of the outlet section. 

16. A drip irrigation hose according to claim 1 4, wherein the one or more root deterrent 
strips are attached longitudinally to the exterior of the hose over the openings of the outlet 

25 section. 

17. A drip irrigation hose according to claim 14, wherein the root deterrent strip 
comprises a needle-punched non-woven fabric impregnated with copper hydroxide. 
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X was filed on May 21. 2QQ1 as United States Application Number or POT International Application 
Number 09/856,428 and was amended on (if applicable), 

I hereby state that I have reviewed and understand the contents of the above-identified specification, including 
the claimst as amended by any amendment specifically referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR § 1.56, 
including for continuation-in-part applications, material information which became available between the filing 
date of the prior application and the national or PCT international filing date of the continuation-in-part 
application, 

I hereby claim foreign priority benefits under 35 U.S.C. § 119{a)-(d) or § 365(b) of the foreign applications) for 
patent or inventor's certificate, or § 365(a) of any PCT International application which designated at least one 
country other than the United States of America* listed below and have also identified below, any foreign 
application for patent or inventor's certificate, or any PCT International application having a filing date before 
that of the application on which priority is claimed. 

Prior Foreign Application^) 

Application Number Country Filing Date (dav/month/vear) Priority Clairaec! 



I hereby claim the benefit under 35 U.S.C. § 119(e) of any United States provisional application(s) Hated below. 

Application Number Filing Date 

60/109,667 20 November 1998 

I hereby claim the benefit under 35 U.S.C. § 120 of any United States application(s), or any PCT International 
application designating the United States, listed below and, insofar as the subject matter of each of the claims 
of this application is not disclosed in the prior United States or PCT International application in the manner 
provided by the first paragraph of 35 U.S.C. § 112, 

Applica tion Number Ming Date P^^Ht^d/p^n4^g/AbandgaiBd 
PCT/US99/27426 PCT 19 November 1999 

POWER OF ATTORNEY: I hereby appoint the following attorneys and agents of the law firm CHRISTIE, 
PARKER & HALE; LLP to prosecute this application and any international application under the Patent 
Cooperation Treaty based on it and to tranaact all business in the U.S. Patent and Trademark Office connected 
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with either of them in accordance with instructions from the assignee of the entire interest in this application; 
or from the first or solo inventor named below in the event the application is not assigned; or from _ in the event 
the power granted herein is for an application Sled on behalf of a foreign attorney or agent. 
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f34 849) 


Robert A Green 


(28 301) 








Crais A. Gelfound 


(41,032) 


John W. Peck 


(44,284) 






(22 653) 


Syed A. Hasan 


(41,057) 


Stephen D. Burbach 


(40,285) 




Richard J. Ward p Jr. 


(24,187) 


Kathleen M. Olster 


(42,052) 


David B. Sandelands, Jr, 


(46.023) 




Rusaell R. Palmer, Jr. 


(22,994) 


Daniel M. Cavanagh 


(41,661) 


Heidi L. Sisenhut 


(40,812) 




LeRoy T. Rahn 


(20,356) 


Molly A, Holman 


(40,022) 


Nicholas J, Pauley 


(44999) 




Richard D, Seibel 


(22,134) 


Joel A. K&uih. 


(41,886) 


Mark J, Marcelli 


(36,593) 




Waiter Maxwell 


(25,366) 


Patrick Y, Ikehara 


(42,681) 


Paul Heynesens 


(47.648) 




William P. Christie 


(29,371) 


Mark Garseia 


(31,963) 


Peter A. Nichols 


(47,822) 




David A. Dillard 


(30,831) 


Gary J. Nelson 


(44,257) 


David J, Steele 


(47,317) 




Thomas J. Daly 


(32,213) 


Raymond K, Tabandeh 


(43,945) 


Laurence H, Pretty 


(25,312) 




Vincent G. Gioia 


(19,959) 


Cynthia A. Bonner 


(44,548) 


Robert A. Schroeder 


(25,373) 




Edward R. Schwartz 


(31,135) 


Jun -Young E. Jeon 


(43,693) 


Richard A. Wallen 


(22,671) 




John D. Carpenter 


(34,133) 


Marc A. Karish 


(44,816) 


Michael J. MacDermott 


(29,946) 




David A. Piumley 


(37,208) 


John F. O'Rourke 


(38,985) 


Anne Wang 


(36,045) 




Wesley W. Monroe 


(39,778) 


Richard J. Paciulan 


(28,248) 


Brian D. Martin 


(47,771) 




Gregory S. Lampert 


(35,581) 


Josephine B. Chang 


(46,083) 








Grant T. Langton 


(39,739) 


Frank L. Gire 


(42,419) 








Constant me Marantidis 


(39,759) 


Harold E. Wurst 


(22,183) 







The a uthority under thia Power of Attorney of each person named above shall automatically terminate and be 
revoked upon such person ceasing to be a member or associate of or of counsel to that law firm. 



DIRECT TELEPHONE CALLS TO; Kathleen ML Olster, 626/795-9S0G 



SEND CORRESPONDENCE TO; 

CHRISTIE, FABKER & HALE, LLP 
P.O. Box 706$ 
Pasadena, CA 91100-7068 

I declare that ail statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge 
that willful false statements and the like so made are punishable by fine or imprisonment, or both, under 18 
U.S.C. 1001 and that such wilful fake statements may jeopardize the validity of the application or any patent 
issued thereon. 



Customer Number: 23368 ) 
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* 


B OF SOLE OR FIRST INVENTOR 

an P. Robb «, . - - - 








/t in i State | Country 
v»i4. n «- Smi Dioms I if / I California I United Sta»« 


Citizenship 
US 


Mailing Address: 7548 Carroll Road. San DieBo, California 92121-2401 
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NAME OF SOLE OR FIRST INVENTOR 






Allan F.Robb 








Inventor's Signature 


Date 


City 

Residence: San Dkgo 


State 
California 


Country 
United States 


Citizenship 
US 


Mailing Address: 7545 Carroll Road, San Diego, California 92121-2401 



KMOrnml 



O 
m 

m 
m 
m 
*F 
ru 
ia 

a 

IB 

o 
a 



Page 3 of 3 



